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4} Condonsataur caramlqus muRlcouchas quadripola. 

^t) Condensateur multlcouches possddant deiix ensam- 
6& d'anmaturas (10, 11) Intercaltes. Ce condensateur 
possMe au molns sur deux faces opposdes deux 
connexions (21) £i un ensemble d'annaturBS. Sur una face 
ddtCHTnlnte, II ne possMe au maximum qu*une connsKlon 
k un ensemble d'anmatunos et une conneodon k rautra en- 
semble d'armatuna. 

Applications: Condensateur HP A forte capacTtd et k tort 
OQurant. 
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CONDENSATEUR CERAMIQUE MULUCOUCHES QUADRIPOLE 

L'ixivention conceme un condensat^ir c^ramique multicouches quadiipSle 
et notamment un condenaateur a forte valeiir de capadt6 Q)ar exemple plus de ^ ixF), 
foiK:tionnant k haute fihequence (par ocemple superiwe a 4 MHz) i fint courant 
Qmr exraiple sup&ieur i IS A). 

Dans certaines applications et notamment dans les alimentations i 
decoupage modulaire^ la modularite a pertois IHitilisation de condensateurs de plus 
Rubles valems par rapport aux condensateurs utilises dans les alimentations 
monofithtquea, mais ccs oondorisateurs restent malgre tout des condensateurs de fbite 
capadt6 de 10 k 100 fiF. Pour dirainuer FencombremOTt de ces alimentations 
modulaires on utilise de plus en plus des chips capadtlfi, c*est-i-dlre des 
condensateurs plans constituds de couches conductrices^ s6pardes par de^ couches 
isolantes. Or phis la capacit6 doit 6tre importante et plus les dimraaons du 
condensateur doivent ^alemrat €tre importantes. n s'avere qu'a partir de certaines 
valeurs de capacity, il n'est plus possible d'obtenir un condensateur du type chip ayant 
les performances requises car Tinductanoe et la r&sistahce qui sont proportionnelles 
aux dimenfflons des armatures sont nuisibles au fonctionnement Llnductance parasite 
oontribue k dimimier la fr6quence de coupure du condensateur. Llmpddance s&ie 
limite le courant efficace par efl^ Joule. 

Gdneralem^i^ pour obtenir une diminution de ces deux paramStres on 
augmente la longueur de la connexion realisSe sur deux tranches opposees du chip 
Oargeur du composantX et on dtminue la distance entre ces deux connexions pour 
conserver ime m&ne sur&ce d'annature (dissymdtrisation). La longueur des armatures 
(definie par le tr^et du courant) est reduite dans une proposition inverse & cdUe de la 
largeur, le condensateur a ainsi une forme aUongee. La diminution de llnductance est 
proportiozmelle au carre de ce rapport Cependant, Taugmentation de la largeur 
(longueur des coim^ons) et la cUminution de la longueur du diip capacitif (distance 
entre connexions) k des limites dues au fiit que le condensateur devient trop fiagile k 
la tor^on. La realisation de chip capacitif de forte capacity se trouve done limttte par 
ce probleme mecanique ce qui est un inconvenient dans la mesure ou on cherdie de 
phis en plus k utiliser ce type de condensateur pour contribuer a la miniaturisation des 
alimentations a d6coupage. ! 

La Demande de Brevet fiampais 2 599 546 deposee le 30 Mai 1986 d&rit 
un condensatoir dans lequel on multiplie le nombre de connexions et on entrelace les 
coxmexions de polarites opposees des deux tranches. 
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Cepradant une telle architecture est complexe et pose des difiScuItes de 
realisation et d'utilisation. Notamment die necessite IHttilisalion dHm circuit imprim6 
double fece pour rdaliser les connerions (croisemetrt des connexions). Egalement une 
tdic arcMtecture n&essite une connectique qui degrade les caract&istiques du 
composant inductance serie et resistance serie). 

De plus, les plages de connexion etant de petites dimensions (de Fordre de 
1 mm de largeur), il est quasiment impossible et en tout cas tres diflScile d'empiler 
plusieurs composants en realisant leur interconnexion par contact entre les difKrentes 
plages de connexion. 

LWention a pour but de remedier a ces inconvraients et de fiiumir un 
condensateur utilisable a hautes frequences (superieures & 1 MHz) oi pr^scntant des 
pertes les plus reduites et en tot loin des conditions de resonance. II convient done 
de mininuser les reactances et r6^stances s6rie du condensateur. 

Uinvention concerae done un condensateur cdramique multicouches 
quadripole comprenant un premier ensemble d'armatures en mal^nau condufcteur de 
forme g&ierale polygonale, un deuxieme ensemble d'armaturc en materiau conducteur 
de- m&ne forme generale polygonale, intercalees entre les annatures du premier 
ensemble avec du matdriau dielectrique compris entre les differcntM armatures, 
rensOTible ayant une forme de polygene ; les armaturra possedent des prolongements 
qui aflBeurent des cSt6s du polygene, les prolongements dHm meme ensemble 
aflSeurant un cQte etant interconnectees entre elles pour former une connexion ; 
caract6ris6 en ce que diaque annatore possSde au mqins deux prolongements atues 
sur deux faces opposees du polygene et en ce que chaque face du pblypihe pbssd^ 
au maximum un prolongement de chaque armature du premier o^semble et lin 
prolongement de diaque armature du d^ixieme ensemble. 

L4nvention conceme Egalement un proc6d6 d'un condensatair 
multicouches, caract&ise en ce qu^ comprend les Stapes sutvantes : 

- realisjrtion de lames de forme polygonale possddant une couche de 
diflectrique et une couche d'armature en matdriau conducteur^ Farmature ayant une 
dimension superieure a cdle de la lame et possedant au moins un prolongdn^ qui 
atteint un cote de la lame et qui occupe sur ce c6t& une zone de longueur in&ieure & 
lamoiti^ducotd ; 

- empilement des lames pour former un parallel^ipede avec le 
dielectrique d*une lame en contact avec I'armature dHine lame voisine et de telle feyon 
que les prolongements affleurent la m6me fice du paralldl^ipfede et quWe lame sur 
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deux a son prolongraient sur le cote gauche de ladite fece du parallelepipede et Fautre 
lame sur deux sur le cdt6 droit de ladite fece du pandl6l6pip^de ; 

- realisation d'une rainure dans ladite fece du paraliaspipede entre les 
prolongemeots zutues a gauche et les prolongements Ata6s k droite ; 

5 - cui8»bn de rmsemble ; 

- trranpage de ladite fece dans un bain dSm materiau conducteur ; 
-retrait de la fece a partir du bain conducteur et cuisson. 

Les differents objets et caract&istiques de I'invention apparaitront plus 
clm<ement dans la description qui va survre feite k titre d'exenqile et dans les figures 
10 annexees qui representent : 

- les figures la a Ic^ un premier exenqile de realisation du condensateur 
sdon Invention ; 

- la. figure Id, \m schema electrique Equivalent du condensateur de la 

figure lb ; 

^ - les figures 2 i 4b, d'autres exemples de realisation du condensateur selon 

llnvention; 

- la figure 5, des couibes caract^dques dlmp&Ianoe en fiinction de la 

fi^uence; 

- la figure 6, un empilement de condensateurs selon Tinvention ; 

20 - les figures 7a a 7d, un precede de realisation d\in condensateur selon 

I'urvention; 

- la figure 8, un proc^dS d*empilement de plusieurs condensateurs sdon 

linvention. 

La reduction d'encombrement des syst&nes diectroniques fi>nctionnant k 
25 haute fi^uence neces^e le developpement d'alimentations a decoupage de forte 
pmssance vokmrique ^ar exemple sup&iaire a 1 kW/d^ 

Certaines alimmtations doivent foumir des tenaons continues 
(g&eralement 5 et lOV) presentant une feible ondulation residuelle de sortie. Cest 
pourquoi, un filtrage de sortie perfomiant est indispensable. 
30 Cette montee en finequence entniuie pour les condensateurs de nouvdles 

exigences auxquelles les condensateurs electrolytiques ne peuvent repondre. 

Les condensatrars c&amiques multicouches constituent ime solution bien 
adaptee a IHisage haute fiequence. Pour etre utffisables de 1 k 5 MHz, ccs 
coRiposants doivent cependant presenter des pcrtes les plus rdduites pos^bles et etre 
3S loin de leur condition de resonancCw 
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Ced implique de ixiinimiser inductance et resistance serie des composants 
ce qui necessite Tetude de structures et de geometries particuliferes. 

L'utilisation de composants standards de structure dipolaire, meme trds 
dissymetriques, ne permet pas d'obtenir des valeurs dlnductances et resistances series 
suflSsamment feibles pour satis&ire aux contraintes de fbnctionnemart des 
converdsseurs haute frgquenca 

Ain^ et conipte tenu des efifets de couplage linductance s6rie dHin 
condensateur £pole ne peut etre reduite 4 des valeurs infSrieures k qudques hEL 

L'utilisation dWe structure quadripole permet en revanche une mdlleure 
distribution des courants qui reduit llnductaiic^^^ du coirqposant Un td 

composant est consdtue de quatre connexions. Son utilisation ndc^site done une 
conception particuliere. 

figures la a Id representetit done un condensatoir sdon invention. 
Ce condensatair conc^orte un empilement de lames 10, 11, et^ en materiau 
dielectxique. Chaque lame possede sur une de ses faces prindpales une zone en 
mat&imi conductcur 20, 20' (zone m6tallis6e) appelde armature. Sdon linvention, 
comme cela est represente sur la figure la ct plus en detail sur la figure Ic, diaque 
armature occupe au moins la partie dEaatrale de la lame et poss^e des prolongeoiCTts 
21, 22 qui afflairent deux c8tds opposes 30, 31 de la lame <rt qui n'occupeat sur ces 
cdtfe qu\me zone inferieure a la moiti£ de la longuair I de ces cotes. Les lames sont 
empilees de fefon quHme lame sur deux (teDe que 10) ont ses prolongements tds que 
21 sur la partie droite de la lame et les prolongements tels que 22 sur la partie gauche. 
Leg autres lames tdles que 11 ont leurs prolongements dans les parties oppos&s des 
cdtSs de la lame. 

La lame sup&ieure In ne porte pas d'armature. 

Sur les figures la et lb, les prolongements tds que 21 n'attdgnent pas les 
extr&nit& (droite et gauche sur les figures la et lb) des lames. Comme cela est 
repr§sent6 en figure Ic; ilspeuvemenfait atteindre cesextrenutes. 

La figure lb represente un condensateur sdon linvoition dans lequd les 
lames ainsi d6crites sont empilees et les prolongements connectes entre eux. La 
connexion 41 realise la connenon des prolongements 21 des lames telles que 10. La 
connexion 42 realise la connexion des proIongeniOTts 22 des lames teHes que 10. Les 
connexions 43, 44 realisent de meme la conne^don des prolongements des armatures 
tdles que 20*. 
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Le condensateur de la figure lb consdtue done um cond^isateur i 
structure quadripolaire dont le schema electrique est repr£s«at£ en figure Id et qui ne 
possSde que quatre comiGTdons reparties sur deux faces facilitant la coimexion a 
d'autres drcuits dlectriques en evitant des croisenrnts de conducteurs. 
5 Les figures 2a et 2b repr£sentent un autre mode de rtSalisation du 

condensat^ir sdon Ilnvention. Les lames telles que 10 ont leur armature 20 qui joint 
deux cotes opposes 30, 31 de la lame. II en est de m§me pour les lames teDes que 20* 
dont rarmature joint les c6t6s 32» 33. Les lames soni enipil6es comme repn^sent^ ea 
figure 2a de telle &9on que le condensateur de la figure 2b fbunttt des connexions 60 

10 et 61 ffituees respectrvement sur les fiices SO et St du condensateur ^ qui 
correspondent aux armatures 20 des lames 10. Les connexions 62^ 63 situees sur les 
&ces 52, S3 correspondent aux armatures 20* des lames 11. Le condensateur de la 
figure 2b est 6galement un condensateur quadripolaire. 

Les figures 3a, 3b repr6sentent une de realisation de I'invention 

15 dans laqueUe on ne pr£voit que deux connexions seul^ent par &ce du condensateur. 
Selon cette variante, rannabuure de chaque lame possede ime partie centrale et des 
prolongements de cette partie centrale vers chaque cote de laicne^ Sur chaque c6t£ un 
prolongement occupe une zone inferieure a la moiti6 de la longueur du c6t&. Selon le 
mSme prindpe de cfispoation que le dispositif des figures la et lb les lames altem^es 

20 du type 10 et 11 sont empE6es de fa^on 1 presenter loirs prolongements dans des 
zones compldmentaires des cdtes du dispositi£ Aind, sur la figure 3b, les connexions 
60^ 61, 62, 63 appartiennent aux armatures 20 des lames telles (pie 10 et les 
connexions 60*, 61', 62\ 63* appartiennent aux armatures 20* des lames telles que 11. 
La consequence est que sur chaqpie fice on n*a que deux connexions seulement Par 

25 exemple, sur la &ce SO on a la connexion 60 des armatures 20 et la connexion 60* des 
armatures 20'. 

Les figures 4a et 4b rqiresentoit une autre variante de realisation qui est 
une combinaison des dispostt£& des figures la, lb et 3a, 3b. Les armatures 20 des 
lames tds que 10 possedent des prolongm^s 21, 22 qui aflSeurent les cotes opposes 
30 de la lame et occupent la moiti6 de ces cotes. L'armature 20 possSde un troi^^me 
prolongement 23 qui afi3eure un troisieme cote de la lame. Les lames telles que 11 
sont de constitution similaire a celle de la lame 10. L'empilement de ces lames foumit 
la structure de la figure 4b dans laqudle les cotmebdons 60*, 61' et 64' correspondent 
aux connexions des prolongements 21, 22 et 23 respecttvemenL Les connexions 60, 
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61 et 64 correspondent aux connexions des prolongements des armatures des lames 
tdles que 11. 

Les condensat»irs aum con^us pennettent d'atteindre des mveaux 
dSnductances series bien inferieures a capacite equxvalentc i ce qui est habttueHement 
realise en structure dassique dipdle. De plus le &tt de ne prevoir quW maxtmum qpe 
deux connextoxls par &ce du condensateur permet de r&Iuire les probl&mes de 
connectiques et les inconvdnients lids k la connexion de condensateurs ayant un plus 
grand nombre de connesdons. 

La caract^sation comparative entre deux composants de m&ne format et 
de proche valair de capadte montre dairsniient lint&iet de la structure quadi^Iaire. 



StnxctDTs 


Capacity 
CmF) 


S&onance 
(MHz) 


Inductance 
S&xe(nH} 


R&istance 

S&ie 
(mOlun) 


ComantC^) 
admissible 


Dipaie 


4.8 


1-9 


L5 


<1 


15 


Qoadiipole 


6.6 


4-9 


«1 


<1 


19 



(*) Le courant admissible correspond a une elevatioh maximale de la 
temperature de surface du composant de 40X. 

La figure 5 represente un exemple de caracteristiques compar6e CTire un 
dipdle et un quadripole selon linvention. On voit que la structure quadrip8Ie pexmet 
xm fonctionnanent a £r6quence phis £lev&. 

La reduction dlnductance s&ie est de lordre de 6. La finequence de 
resonance est done decaI6e d'un £icteur 2.5. Le calcul montre que pour une valeur de 
capadte de 4.8 le conusant quadrq>dle resotmerait k environ 8 MHz. 

De plus les structures quadripolaires sdon invention presentent un plus 
&ible eflfet Joule rdsultant d'une meill^ire repartition des cburaitts. Le condensateur 
de linvention presentera done un echaufifement inferieur. 

L'etude du condensateur sdon Ilnv^tion a montre qull presente en HF 
une reactance cqiadtcve tres supdrieure k celle des composants dipSles. Uh filtrage 
tchs efiScace est done obtmu avec des quadripdles pour de plus fiibles valour de 
capadte. 

L'utilisation des composants de structure quadrip6le permet d'envisager 
des applications filtrage k des firdquences de I'ordre de quelques MHz pour des 
capadt& de qudques ^F. 
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De plus, le feit de ne pr6voir au mawmum que deux connexions par fece 
du condensateur permet d'empaer aisement pluaeurs condensateurs sans avoir besoin 
de pr&iaon de poshionnemenL La figure 6 reprfeente un empilement de 
condensateurs 1, 1', In du type de la figure lb. 
5 En eflfet, sdon des realisations preferees de Ilnvention les condensateurs 

auront les dnnen^ons indicatives kapprbximatives suivantes : 

- condensateur de lai figure lb : 

largeurl-aOmm 
longueur 1 - 10 mm 
10 loxigueur C d^xne connexion - 12 mm 

distance entre deux connexions a ^ 2 i S mm 

- condensateur de la figure 2b : 

dimension L 15 mm 
longueur C dHme connenon ^ 12 mm 
15 - condrasateur de la figure 3b : 

dirnenddn L - 20 mm 
longueur d'une conneTdbn C — 6 mm 
distance entre deux conne:dons a S mm 
Sur la figure lb, les feces portant deux connexions possSdent une rainure 
20 9, 9* qui s^arc les connexions. Cela peut etre le cas ansa pour les composants des 
figures 3b et 4b. Ces raimires sont utiles pour la realisation des connexions qui se 
trouvent aina s^aries efficacanent hme Fautrc. ^^^^^^^^^1^^; C ' 

EUes peuvent ausa servir pour Fen^iilement des composants comme cela 
sera decrit d-apres. 

En se reportant axix figures 7a et 7b on va maintenant d&rire un proc&id 
de realisation d*un condensateur sdoh Trnventioa A titre d'exemple ce proc6d6 est 
appliqud au condensateur des figures la k Ic. 

On realise tout tfabord des lames en materiau diaectrique, td que la lame 
10 de la figure 7a, avec sur une fece une couche 20 conductrice qui servira 
d'annatuTB au condensateur. Ces amiatures ont les fi>rmes decrites pr6c£demmenL 

Les lames sont ensuite empilees (figure 7b) pour fi>mier un ensemble 
paraliadpq)6iique. Les prolongements des lames impabres ajSleurent sur ime paitie 
droite (par exemple) d'une fece du paralia6pip&le tandis que les prolongements des 
lames paires afflMnent la partie gauche et inveraemejot pour les prolongements qui 
afiBLeurent la fece opposee du parallelepipede. 
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Des rainures 9, 9* sont realises dans les feces auxquelles aflaeurent les 
prolongements pour separer de fe^on sfire ces prolongeraents (figure 7c). 

Uensemble est chau£S i temp&Hture de cuisson suffisante pour obtenir ua 

blocfikte. 

Ensuite, chaque fece i laquelle a£9eure des prolongements d'armatures est 
tremp6 dans un bain 80 d'un mataiau conducteur et est ensuite retire du bain. Les 
feces du condensatOTT qui poss&lent une laimire sont tremp^ (figure 7d) sdon une 
profondeur inferi^ire i la profondeur de la raimire. La rainure 6vite ainsi de connecter 
ensemble les deux connexions qui trainpetil dans le m6me bain. 

L'ensenible est inouveau cuit 

Sdon une variante de realisation, les niinures pr6vues ea figure 7c ne sont 
pas r&Iisees avant trempage dans le bain de matdriau conduciira^ On pent alors 
prevoir de r&diser un usinage des feces du condensatwr entre les connexions dHme 
ni€me fece pour sqiucr ces connexions apr^ le tr^^ 

La figure 8 rqiresente un proc6d6 de mise en paraUdle de plusiwrs 
condensateurs selon llnvention. 

Les composants munis au moins d'une rainure tdBe qiie la rainure 9 de la 
figure lb sont places sur une plaque support 90 poss6dant une nervure 91. La rainure 
9 de chaque composant chevauche la nervure 9L Les composants sont ensuite presses 
sdon le sens des filches F et P et trempfis dans le bain de mat^riau conducteur. 
L'ensemble est ensuite cuit Les connexions des condensateurs sont aind realisees 
simuItanemenL 

Dans ce qui pT€cid% on a d&rit llnvention en prenant comme fisrme des 
condensateurs une fi^rme pairallelqpipedique et sur les figures leis lames on des fi>mies 
rectangulaires ou canees. Cependant on aurait pu prevoir des formes polygonales. Par 
exemple les lames pourraxent avoir la forme dHm hexagone ou d'un octogone etc, sans 
sortir du cadre de linvention. 
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REVENDICATTONS 

L Condensateur c&ramique multicouches quadripole comprenant un 
premier ensemble d'araiatures (20) en materiau conduct«ir de forme gen6rale 
polygonale^ un deuneme ensemble d'armature QLO^ en materiau conducteur de m&ne 
forme generale potygonale;, intercalees entre les armatures du premier ensanble avec 
du materiau dielectrique compris entre les difi^rentes armatures, Tensemble 
forme de pofygone ; les armatures possSdent des pnolongements (21, 22^ 23) qui 
affleurent des cStfe du potygone, les prolongements d\m meme rasemble afiEleuraxtt 
un cdte etaxit interconnectdes entre elles pour fbrmer une conihei d on ; caiBct6ris6 en ce 
que diaque armature possede au moms deux prolongements ^^0, 21) shues sur deux 
feces opposfes du polygone et en ce que diaque i&ce du polygone possede au 
manmum un prolongement de chaque armature du premier ensemble et un 
prolongement de chaque armature du deuxieme ensemble. 

2- Condensateur selon la revendication 1, caract&is^ en ce que les 
armatures (20, 200 sont de forme paranS[6pip6dique et possMent deux {mlongements 
(21, 22) ^tu6s sur drax cdt^ opposes' de rarmature occupant dans ces c8t&s des 
zones situees en diagonales et de dimenaons iitiSrieures a la longueur (L) du c3t6 de 
telle ia9on que les deux ensembles d'annatures (20, 20^ etant cmpiles pour former un 
parallel^ipede; presentent chacun sur deux feces opposes de paraUeldpipdde deux 
ensembles de prolongements par fece du parallelepipede. 

3. Condensateur selon la revendicadon 2, caracterise en ce que les 
armatures de chaq[ue ensemble possedent qu^nb prolongements atues sur les quatre 
c6t&; des armatures atteignant chacun une fece (50, 51, 52, S3) du parallel^ipSde. 

4. Condensateur selon la revendicadon 1, caracterise en ce que les 
armatures sont de forme paralleli^pedique et possedent deux proloti^gements situes 
sur deux cotes de Tannature, de te^ fegon que les deux ensemble^^ sous 
forme d'un parallelepipede; les prolongements d*un ensemble d'axmatwes afBeurent 
deux feces oppos6es du paralld6pip^de et les prolongements de Tautre ensemble 
d'armatures afEleurrat deux autres opposes du paralle[6pipede. 

5. Condmsateur selon la revendication 2, caract6rise en ce que les 
armatures (20, 20") poss&jent^galement un prolongemait (23, 23*) situ6 sur un autre 
c&t6 de rarmature de telle &9on que les deux ensenibles £tant empties sous forme d'un 
paraIl£l6iHp&le, ce prolongement (23) d'un ensemble d*arraatures (20) affleure un cote 
du paralia6pip&ie tandis que ce prolongement (23*) de I'autre ensemble d'annatures 
(20*) afOieure un autre c5t£ du parallS6pip&ie. 
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6- Condensateur selon IHine quelconque des revendicadons precedentes, 
caracteris6 en ce que les feces qui possMent deux connexions possedent ^galemertt 
une raitture (9, 9^ situee entre ces deux connexions. 

7. Precede dW condensateur multicpudies, caract&is6 en cc qu'il 
comprend les etapes suivantes : 

- realisation de lames (10, 11) de forme polygonale possedant une couche 
de dielectdque ct une couche d'annature (20, 20^ en materiau condiicteur, Tannature 
(20, 20^) ayant vne dimension infSrieure k celle de la hune (10, 1 1) et possedant au 
moins un prolongement (21, 22) qui atteint un c3te de la lame et qui occupe sur cc 
c6t6 une zone de longueur infdrieure i la tnoiti6 du c6t6 ; 

- empilement des lames pour fonner im paraKelqiip^e (1) avec le 
di6Iectrique d\mo lame en contact avec rarmature d'une lame voisine et de telle fegon 
que les prolongements afi9euTent la mSme fece du parallelqpipede et quWe lame sur 
deux a son prolongement sur le c8t6 gauche de ladite fece du paraliaepipede et Tautre 
lame sur deux sur le cote droit de ladite fece du parallelepip^e ; 

- realisation d'une rainure (9, 9*) dans ladite fece du parallelepipede entre 
les prolo^gements situes i gauche et les prolongemean^ i drotte ; 

- cuisson de rehsemble ; 

- trempage de ladite fece dans un bain dW tnat^riau conducteur ; 

- retrait de la feoe a partir du bain et cuisson du m conducteur. 

8. Proc6d6 selon la revendicatton 7, caract£ris6 en ce que chaque armature 
est realisee avec deux prolongements (21, 22) dispbs6s sur deux cdtes opposes de 
Farniatuiie et symdtriquement par rapport au centre de rarmature ; et en ce qu'aprds 
empilCTient le dispbsiti^ pr^sente sur chacune de ces deux feces opposees, des 
prolongements dSm CTsemble d'armatures situes dans une zone de la fece ^ des 
prolongements de I'autre ensemble d'armatures situes dans une autre zone de la fece. 

9. ProcedS selon la revendication 7, caract6risd en ce que la longueur (L) 
dHme fece du parallelepipede selon le plan des lames est tnJ^^nne & 30 nrni et que la 
largeur et la profoiideur de k raimire sont inferieure & 7 mm. 

10. Procede selon la revendication 6, caracterise en ce que pluaieurs 
condensateurs sont places sur un support (90) possedant une nervure (91) puts sont 
presses l^un contre Tautre et trempes dans le bain de mat&iau conducteur puis cuit 
pour r6aKser la (xirhnebdbn des condex^ 
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CERAMIC MULTILAYER QUADRIPOLE CAPACITATOR 



The invention relates to a multilayer quadripole capacitor and 
particularly a capacitor with high capacitance (for example 
more than 6viF) , operating at high frequency (for example higher 
than 4 MHz) and at high current (for example higher than ISA) . 

In certain applications and particularly in switching power 
supplies, modularity has enabled the use of lower value 
capacitors in relation to the capacitors used in monolithic 
supplies, but these capacitors remain, even so, high 
capacitance capacitors from 10 to lOOuF. Chip capacitors are 
increasingly used to reduce the space occupied by these modular 
supplies, that is, capacitors made of conducting layers, 
separated by insulating layers . But the larger capacitance 
necessary, the larger the capacitor's dimensions also have to 
be. It has been proved from some capacitance values, that it is 
no longer possible to obtain a chip capacitor with the required 
performance for inductance and resistance, which are 
proportional to the dimensions of the armatures and are harmful 
to the operation. Parasitic inductance contributes to reduce 
the capacitor's frequency of disconnection. Impedance series 
limits the effective current by the Joule effect. 

Generally, to obtain a reduction of these two parameters the 
length of the connection made is increased on two opposite 
sides of the chip (width of the component) and the distance 
between these two connections is reduced in order to keep the 
same surface of armature (dissymmetry) The length of the 
armatures (defined by the path of the current) is reduced in 
inverse proportion to that of the width. The capacitor has 
therefore an elongated shape. The reduction of the inductance 
is proportional to the square of this connection. However, the 
increased width (length of connections) and the reduction of 
the length of the chip capacitor (distance between connections) 
has limits due to the fact that the capacitor has become 
subject to torsion. The manufacture of the high capacitance 
chip capacitor is then, limited by this mechanical problem which 
is a disadvantage insofar as this type of capacitor is more and 
more frequently used in the miniaturisation of switching power 
supplies . 

The French Patent Application 2 599 546 filed 3 0 May 1986 
describes a capacitor in which the number of connections are 
multiplied and the connections of the opposite polarities of 
the two sides are interleaved. 

However such a structure is complex and poses difficulties in 
both manufacture and use. In particular it requires the use of 
a double- sided printed circuit in order to make the connections 

(crossing of connections) Also such a structure requires wiring 
which impedes the characteristics of the component (inductance 
series and resistance series) 

Moreover, the pads are small (in the region of 1mm width so it 
is practically impossible and in any event very difficult to 



stack several components by making their interconnection 
through contact between the different pads. 



The invention aims to remedy these disadvantages and to provide 
a capacitor, which can be used at high frequencies (higher than 
1 MHz) by presenting the lowest losses and by being far from 
the resonance requirements. Therefore it is suitable to 
minimise the reactance and resistance series of the capacitor. 

The invention thus relates to a ceramic, multiplayer, 
quadripole capacitor consisting of first a set of armatures in 
a conducting material in a general polygonal shape, a second 
set of armatures in conducting material in the same general 
polygonal shape, interleaved between the armatures of the first 
set with dielectric material included between the different 
armatures, the whole set is in a polygonal shape; the armatures 
have extensions which are flush with the polygon sides, the 
extensions of the same set flushing one side being 
interconnected between them to form a connection; characterised 
in that each armature has at least two extensions situated on 
two opposite aspects of the polygon and in which each aspect of 
the polygon has at most an extension of each armature of the 
first set and an extension of each armature of the second set. 

The invention also relates to the method of a multilayer, 
capacitor, which features the following stages: 

• making plates in polygonal shape having a dielectric layer 
and an armature layer in conducting material, the annature 
with a greater dimension to that of the plate and having 
at least an extension which reaches one side of the plate 
and which occupies on this side less than half of the area 
of the side; 

• stacking the plates to form a parallelepiped with the 
dielectric of a plate in contact with the armature of a 
adjoining plate and in such a way that the extensions are 
flush to the same side of the parallelepiped and that one 
plate in two has its extension on the left side of said 
parallelepiped and the other plate of the two is on said 
right side of the parallelepiped; 



• making a groove in the said aspect of the parallelepiped 
between the extensions placed on the left and the 
extensions placed on the right; 

• firing of the set; 

• coating of said aspect in a bath of conducting material; 
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• withdrawal of the aspect from the conducting bath and 
firing 

The different objects and features of the invention will 
appear more clearly in the description which will follow by 
way of example and in the attached figures shown: 

• figures la to Ic, a first example of the manufacture of 
the C in accordance with the invention; 

• figure Id, an electrical diagram equivalent of the 
capacitor of drawing lb 

• figures 2 to 4b, of other examples of the manufacture 
of the capacitor in accordance with the invention; 

• figure 5, of the characteristic curves of impedance, 
according to the frequency; 

• figure 6, stacking of capacitors in accordance with the 
invention; 

• figures 7a to 7d , a process of making the capacitor in 
accordance with the invention; 

• figure 8, the method of stacking of several capacitors 
in accordance with the invention; 

The reduction of loading of electronic systems operating at 
high frequency requires the development of switching power 
supplies of high power per unit volume (e.g. higher than 
IkW/dmM . 

Some supplies must provide DC voltage (generally 5 and lOV) 
presenting a weak output current ripple. This is why, high 
performance output filtering is essential. 

This rise in frequency involves new demands on the capacitors 
which the electrolytic capacitors cannot meet. 

Ceramic multilayered capacitors are an ideal solution to high 
frequency use. These components, to be of use from IMHz to 5 
MHz must however show the lowest losses possible and be far 
from their condition of resonance. 



This involves minimising the components' inductance and series 
resistance, which requires the study of structures and specific 
geometries . 

The use of standard components of dipolar structure, even very 
dissymmetrical components, does not allow the values of 
inductances and series resistances sufficiently weak to satisfy 
the operating constraints of the high frequency converters. 

In this way and taking into account the effects of coupling, 
the inductance series of a dipolar capacitor cannot be reduced 
to values lower than a few nH. 

The use of a quadripole structure allows on the other hand a 
better distribution of currents, which reduce the specific 
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inductance of the component. This type of component is made up 
of four connections and so it must be specially designed. 



The figures la to Id therefore show a capacitor in accordance 
with the invention. This capacitor consists of a stack of 
plates 10, 11, etc in dielectric material. Each plate has on 
one of its main sides an area in conducting material 20, 20 
(metallised area) called the armature. In accordance with the 
invention, as that is shown on Figure la and in more detail in 
Figure Ic, each armature occupies at least the central part of 
the plate and has extensions 21,22 which are flush with the two 
opposite sides 3 0,31 of the plate and which only occupy on 
these sides an area less than half of the length of one of . 
these sides. The plates are stacked so that one plate in two 
(that is 10) have extensions such as 21 on the right part of 
the plate and the extensions such as 22 on the left part. The 
other plates such as 11 have their extensions in the opposite 
parts of the plate sides. 

The upper plate la does not have an armature. 

On the figures la and lb the extensions such as 21 do not reach 
these limits . (right and left on figures la and lb) of the 
plates. As is shown in figure Ic they can reach these limits. 

Figure lb shows a capacitor in accordance with the invention 
in which the plates thus described are stacked and the 
extensions between them connected. The connection 41 makes the 
connection of extensions '21 of plates such as 10. The 
connection 42 makes the connection of extensions 22 of plates 
such as 10, The connections 43,44 also make the connection of 
extensions of armatures such as 20. 



The capacitor of figure lb therefore consists of a capacitor 
with a quadripolar structure whose electrical diagram is 
shown on Figure Id and which has only 4 connections distributed 
on two aspects, facilitating the connection to other circuits 
by avoiding the crossing of conductors. 

The figures 2a and 2b show another way of making that capacitor 
in accordance with the invention. Plates such as 10 have their 
armature 2 0 which joins two opposite sides 30, 31 of the 
plate. This is the same for plates such as 20 where the 
armature joins sides 32,33. The plates are stacked as shown in 
figure 2a in such a way that the capacitor of figure 2b 
provides connexions 60 and 61 placed respectively on aspects 50 
and 51 of the capacitor and which correspond to the armatures 
20 of plates 11. The capacitor of figure 2b is also a 
quadripole capacitor . 

Figures 3a and 3b show a variation of making the invention in 
which only two connections are planned for the aspect of the 
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capacitor. Ac^cording to this variation, the armature of each 
plate has a central plate and extensions of this central part 
towards each side of the plate. On each side an extension 
occupies an area less than half the length of the side. In 
accordance with the same principal of the layout which the 
arrangement of figures la and lb the alternate plates of type 
10 and 11 are stacked in a way to show their extensions in the 
complementary areas of the sides of the device. Therefore, on 
figure 3b the connections 60, 61,62,63, belong to armatures 20 
of such plates as 10 and the connections 6 0,61,62,63 belong to 
armatures 20 of plates such as 11. As a result there are only 
two connections on each side. For example, on aspect 50 there 
is the connection 60 of the armatures 20 and the connection 60' 
of armatures 20. 

The figures 4a and 4b show another variation of making the 
invention which is a combination of the devices of figures la, 
lb an 3a 3b. The armatures 20 of the plates such as 10 have 
extensions 21,22 which are flush with the opposite sides of the 
plate and occupy half of its sides. The armature 20 has a third 
extension 23, which is flush with a third side of the plate. 
Plates such as 11 are of similar make-up to that of 10. 
Stacking these plates provides the structure of figure 4b in 
which the connections 60, 61, and 64 correspond to the 
connections of the extensions 21, 22, and 23 respectively. The 
connections 60,61 and 64 correspond to the connections of the 
armature plate extensions such as 11. 



The capacitors designed in this way allow levels of series 
inductance much lower in equivalent capacity to that which is 
usually made in standard dipolar structures. Moreover the fact 
of only planning at most two connections per aspect of the 
capacitor causes a reduction in the problems of connection and 
the disadvantages linked with the connection of the capacitors 
having a greater number of connections. 

The comparative description between two components of the same 
format and approximate capacitance value clearly shows the 
importance of the quadripole structure. 



structure 


Capacitance 
MF 


Resonance 
(Mhz) 


Series 
Inductance 


Series 
Resistance 
(mOhm) 


Contact 

Rating 

(A) 


Dipole 


4.8 


1.9 


1.5 
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Quadripole 


6.6 


4.9 


<<1 
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(*) The contact rating corresponds to a maximum rise of the 
surface temperature of the component of 40 C. 
Figure 5 shows an example of the characteristics compared 
between a dipole and a quadripole according to the invention. 
The quadripole structure is seen to allow operation at a much 
higher frequency. 




The reduction of series inductance is in the region of 6. The 
frequency of resonance is then displaced by a factor of 2,5, 
The calculation shows that for a value of capacitance of 4,8/xF 
the quadripole component would be resonant at around 8 MHz. 

Moreover the quadripolar structures according to the invention 
show a weaker Joule effect resulting from better distribution 
of currents. The capacitor of the invention will therefore show 
lower heating. 

The study of the capacitor in accordance with the invention has 
shown that it presents a far higher reactance capacitance to 
that of the dipole components. A very effective filtering is 
then obtained with quadripoles for the weakest values of 
capacitance. 

The use of components of quadripole structure allows filtering 
applications with frequency in the order of some MHx for 
capacitance of some /zF to be contemplated. 



Furthermore, the fact of only planning at maximum two 
connections per aspect of capacitor allows several capacitors 
to be easily stacked without needing to be positioned 
precisely. Figure 6 shows a stacking of capacitors 1,1®, la of 
the type in Figure lb. 

Indeed according to the preferred embodiment of the invention 
the capacitor will have the approximate dimensions shown as 
follows : 

Capacitor in Figure lb: 
Width : 1-30 mm 
Length: 1-10 mm 

Length capacitor from a connection- 12mm 
Distance between two connections from 2 to 5 mm 
Capacitor in Figure 2b: 
Dimension l-15mm 

Length capacitor of a connection- 12mm 

Capacitor in figure 3b: . 

Dimension L-20mm 

Length of a connection c-6mm 

Distance between two connections to- 5mm 

On figure lb,' the aspects having two connections have a groove 
9,9' which separates the connections. This could also be the 
case for the components of figures 3b and 4b. These grooves are 
useful to make connections, which are thus separated 
effectively from one another. 

They can also be used for stacking of the components as 
described hereinafter. 



By referring back to figures 7a & 7b the method of making the 
capacitor in accordance with the invention can now be 



described. By way of example this method is applied to the 
capacitor of figures la to Ic. 

-First of all the plates are made in dielectric material, such 
as plate 10 in Figure 7a, with one aspect a conducting layer 20 
which will work as an armature of the capacitor. These 
armatures are shaped as described previously. 

The plates are then stacked (figure 7b) to form a 
parallelepiped set. The extensions of the odd plates are flush 
with (e.g.) the right part of a parallelepiped side while the 
extensions of the even plates are flush with the left part and 
conversely for the extensions, which are flush with the 
opposite aspect of the parallelepiped. 



The grooves 9,9' are made in the aspects to which the 
extensions are flush in order to separate completely these 
extensions ( Figure 7c ) 

The set is heated at a sufficient firing temperature to obtain 
a sintered block. 

Then, each aspect is flush with the armature extensions and is 
coated in a bath of conducting material and later withdrawn 
from the bath. The aspects of the capacitor , which have a 
groove are coated 9 (figure 7d) according to a lower level than 
the level of the groove. The groove thus avoids joining the two 
connections together, which are coated in the same bath. 

The set is fired again. 

According to one variation of the embodiment, the grooves 
planned in Figure 7c are not made before coating in the bath of 
conducting material. Then machining of the capacitor aspects 
between connections of the same side can be planned in order to 
separate these connections after coating. 

Figure 8 shows a method of putting several capacitors in 
parallel in accordance with the invention. 

The components, which have at least a groove like the one in 9 
of figure lb are placed on a support plate 90 having a rjJti 91. 
the groove 9 of each component bridges the rib 91. The 
components are afterwards pressed according to the direction of 
arrows F and F' and coated in the bath of conducting material. 
The set is then fired. The capacitor connections are thus made 
simultaneously. 

Previously, the invention has been described by taking as the 
capacitor shape a parallelepiped shape and on the figures the 
plates have rectangular or squared shapes . However it would 
have been possible to make polygonal shapes. For example the 
plates could have a hexagonal or octagonal shape etc without 
departing from the parameters of the invention. 
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CLAIMS 

1. The ceramic multi- layered quadripole capacitor consisting of 
a first set of armatures (20) in conducting material in a 
general polygonal shape, a second armature set (20') in 
conducting material in the same general polygonal shape, 
interleaved between armatures of the first set with dielectric 
material included between the different armatures, the set 
having a polygonal shape; the armatures having extensions 
(21,22,23) which are flush with the sides of the polygon, the 
extensions of the same set flushing with one side being 
interconnected between them to form a connection; characterised 
in that each armature has at least two extensions (20,21) 
situated on two opposite sides of the polygon and in which each 
side of the polygon has at the most an extension of each 
armature of the first set and an extension of each armature of 
the second set . 

2. Capacitor in accordance with claim 1, characterised in that 
the armatures (20,20') are in parallelepiped shape and have two 
extensions (21,22) situated on both opposite sides of the 
armature occupying in these sides of the areas situated in 
diagonals and in dimensions lower to he length (L) of the side 
of such a way that the two armature sets (20,20') being stacked 
to form a parallelepiped, showing each of the two aspects 
opposite the parallelepiped two sets of extensions per aspect 
of the parallelepiped. 

3 . Capacitor in accordance with claim 2 , characterised in that 
the armatures of each set have four extensions situated on the 
four sides of the armatures reaching each side (50,51,52,53) of 
the parallelepiped. 

4. Capacitor in accordance with claim 1, characterised in that 
the armatures are in the shape of a parallelepiped and have two 
extensions placed on two sides of the armature in such a way 
that the two sets are stacked in the shape of a parallelepiped 
the extensions of a set of armatures are flush with the two 
opposite aspects of the parallelepiped. 

5. Capacitor in accordance with claim 2, characterised in that 
the armatures (20,20') also have an extension (23,23') placed 
on an other side of the armature in such a way that both sets 
being stacked in parallelepiped shape, this extension (23) of 
an armature set (20) is flush with one side of the 
parallelepiped while this extension (23) of the other set of 
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armatures (20 j is flush with the other side of the 
parallelepiped. 



6. Capacitor in accordance with some previous preceding claims, 
characterised in that the aspects which have two connections 
also have a groove (9,9') placed between these two connections. 

7. Method of a multilayer capacitor, characterised in that 
it consists of the following stages: 
• Making plates (10,11) in a polygonal shape having a 
dielectric layer and an armature layer of (20,20') 
conducting material, the armature (20,20') being of 
smaller dimension than the plate (10,11) and having 
at least an extension (21,22) which reaches a side of 
the plate and which occupies on this side an area of 
length lower than half of the side; 

• Stacking the plates to form a parallelepiped (1) 
with the dielectric of a plate in contact with the 
armature of an adjoining plate and in such a way 
that the extensions are flush with the same aspect 
of the parallelepiped and that one plate in two has 
its extension on the left side of said aspect of 
the parallelepiped and the other plate of two on 
the right side of the said aspect of the 
parallelepiped; 

• Making a groove (9,9') in said aspect of the 
parallelepiped between the extensions placed on the 
left and the extensions placed on the right; 

• Firing the set 

• Coating said aspect in a bath of conducting 
material 



8. Method in accordance with claim 7, characterised in that 
each armature is, made with two extensions (21,22) 
arranged on two opposite sides of the armature and 
symmetrically in relation to the centre of the armature; 
and that after stacking, the device shows on each of its 
two opposite aspects, extensions of the armatures set 
situated in an area of the aspect and extensions of the 
other set of armatures situated in an other area of the 
aspect . 

9. Method in accordance with claim 7, characterised in that 
the length (L) of an aspect of the parallelepiped in 
accordance with the plan of the plates is lower than 

3 0mm and that the width and the depth of the groove are 
lower than 7mm. 
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Method m accordance with claim 6, characterised in that 
several capacitors are placed on a support (90) 
possessing a rib (91) then are pressed one against the 
other and coated in the bath of conducting material then 
fired to make the connection with adjoining capacitors. 



11 



